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INTRODUCTION 


The ARGON system enploys statistical data processing techniques to 
convert rapidly the relatively inaccurate photographic ground and stellar 
date recovered from artificial earth satellites inte an eccurate world 
wide survey and global location reference system compatible with modern 
weapen system requirements. 


The ARGON approach is both conventicnal and unconventional as cam- 
pared to normal photogrammetry. It makes use of the data of exterior 
camera crientation which are available from ortits and which so far have 
not been available from aircraft producing normal aerial photography. 
Photogrammetric systems fram other than satellite vehicles have not had 
the opportunity of taking inte consideration the dats used in this system 
for facilitating and expediting the ground data handling required to 
cotain worid wide zeodetic data of adequate operational accuracy in an 
extremely short time. The tecnnicue utilizes direct analytic methods and 
modern statistical mathematics and promises coherent world wide results 
on a uniform and unique world wide datum. This approach also eliminates 
the difficulties arising from the progression of errors inherent in all 
strictly conventional photogrammetric approaches. 


The technique proceeds from photographic records produced by a 
mapping type camera in ortiting satellites producing ground and correleted 
ster recorde simltanecusly thus permitting fully the exploitation of 
exterior orientation data with a high degree of accuracy. Sarlier 
studies indicate that strip type cameras must be excluded from considera- 
tion. Recent studies established that no advantage is to be gained fram 
the use of convergent type camsras as far as accuracy or expediency of 
data processing is concerned anc in addition poses a substantial weight 
problem, The Monticello statietical approach to large area surveyt 
shows that a world wide survey with sufficient accuracy can be obtained 
withoct need for identifiatie ground control points of high positional 
acctraecy. The orbital reference ottained fram photographs over surveyed 
territories is only used for procucing accurate locations throush 
statistically monitoring a networke adjustment by its statistical average 
and not through inaividual opservations. This fact eliminates the need 
ef the system for reference to a ground tracking network except for 
securing reliable reccwery of the srace records. Grour.d tracking cata, 
unless it can te show tc be eccurate, will not be used in the ground 
cata handling system. If it is accurate it can be easily included, Thus, 
the ground data handling syrtem need not rely on orbital tracking date; 
however, where such accurate information is aveilabie, it may easily be 
included. 
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The objective of this systen is to obtein a unified world wide’ 
reference datwe anc tc seasure gecidsl deviations fram this datuxz ¥ 
accuracy required t> obtaia an absslute eccuracy of distances wiil: 
750° between any twe poincs on the surface of the earth. Tne sys 
furtper preduce a Location reference file of pictorial (smali scale photo 
grachic) images which will permit the tie-in of any target found or the 
sertt. 's eurface oy seai~uutonatic imace correlation, thus deterwining the 
tion of that target with respect to the established datux. 
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It has been estatlished that the oniy record which cotld poes 
preauce the nevessery cumetric accuracy requirec for meetins the 
objective suri come from a photographic frame type camera cf hichest - 
porsibtle geowetric 7idsiity (best mapping camara available). The canere 
must no ony produce pictures of the ground providing camplete cround 
coverege cf the sarch's surfree, bul msnust also produce a etar record 
rimaltsnecurly with eacu gramc recording permitting the determination of 
the apetial srientatic:. of tre eptical acte anc ther (in comectias vite 
time ant location) permit the geometric rectification of each ground 
photograph into vertical perspective with « high degree of accuracy. It 
is contemplated thet the orientation of the camera at the instant of 
expostre will be determinable to within 3 seconds of arc reducing . 
deteriorating perupective distortions to acceptable tolerunces. A recard 
of the instant of exposure to determine the absolute tine will also be 
required fer « tioc-in of syace anc earthbounc coordinate systenc. The 
beet ceometric anc opets.cionzl coucramise resrlts in a camera which pe- 
cords om 5 inch %fin. wcing 2 3 inct focul Length Lens producing 
key x b¢ inck picture cf toe terrain, anc simltansously anctier lem» 
3 inch feoal length prodceing a 14 x 2$ ineh picture of a correlated view 
of the «tar field. Tae film carrying the photogrephic records in & 
lavent tora vil? be pyr lzaly recewered. 





Parner detaiis concerning cemsr2 oheracteristics are stated ia 
Ieciomure i. 
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Tae oamert iz to ba carries by a vunicle or a reerly ci 
polar ertit s% an ere‘tal peight which is deterzinad br the di 
for oowerage (eppruximavely [03 rantica: ales). Optime sorerage 
reeuits from poier ortits it neil of the prowided setellites ave 
in euch » manmer that the lienied pertion of tne earth ie ender 
periges witie tne other haif ary luunthed so thet the lighted. 
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In order to obtein total world coverage, a minimum of one sech 
successful satellite is necessary for perigee and appogee recorcings. ‘The 
orbits must be laid out in such a manner that the léth orbit is 1/5 of the 
distence between orbits] crossinge of the first orbit at their equatorirsi 
eressing. The resulting pericd of approximately 563 seconds dztermines 
the orbital nacsight to be near 180 nautical miles. 


The duration of operation for each eatellite will be Gy orbits or 
appreecimately Your days. kepetitive coverage will be necessary in order 
to eliainave those erees covered by clouds on a single go-rcunc. Using 
polar orbits, repetitive coverage will be awailabie progressively towards 
poler latitudes, The total suaper of wehicles required to producs 
coverage of the earth's eurface reasonably free of clouds will depend 
wpon the latitude of interest and cpon the reliability of the vehicle 
performance including the recovery cycle, Stebilisation of the vehicle 
to the horizon will be required within a tolerance of 2 2 cezreee WS ir 
pitch and roll about the vertical and in azimuth abovt the direction of 


orvitel motion. In addition a ree.dual cadet! velocity of 1 rimme per 


seccra wili-be reqetred4. 6. ftw 


Devailed orvital requirements are stated in Inclosure 2. A 
“ ow: 
PROCESSING OF ORIGINAL PHOTOGRAPHIC RECORDS = 


Immediately upon recovery of the original film it shall be washed in 
distilled water to eliminate the influance of salt water which might heave 
entered the film container while at ees. If the film is dry it will be 
left alone. The file unall then be shipped wet in a container filled 
with distilled water cr dry to the ground dsta handling center, The 
criginal filz will bs processec tith the utmost of care, keeping in mind 
the great value represented by each recovered film peckage. Greatest 
comsideration will be given to those parameters which, in the processing 
procedure, might introduce systamatic distortions of the image through | 
gtrese, heat, and other mechenical influences. The original recordings 
will be then transferred immediately to a master copy from which duplicate 
megatives will be mado as required. Greatest care agein wili be taken in 
the rworoduction process so as to net icee detsil cortained in the original. 
The sricira!? file shall be archived sri made available cenly for those 
processes which cennot be satisfied from duplicates. Strong discrimination 
will be executed in determining wher the original film can be used. 


‘GROUND DATA HAND].ING SYSTEM 


& world wide survey is obteinac from the records produced by the 
mayping cameras in tha orbiting satellites. The system which produces 
this survey is callet the Ground Data hand)ing System. It uses the 
following input data: a) Satellite records consisting of ground and 
correlatec star pnotographs, the recor of absolute time, and auciliary 
horizon recordings taken from the satellite's control system; snd b) 
Pre-requisites consisting of maps of surveyed territories of the vorid 
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et map scales of 1:250,000 and larger, and cf star catalogues. 


‘The Ground Data Handling System goes through the following pro- 
cedural steps: 


a. The pre-requisites are modified and annotated in such a manner 
as to permit automaticity of operation wherever epplicable, This requires 
modification of the basic charts (pullups) and of the star catalogues 
(punch cards or tapes). The identification of individual points is not 
required other than for a very Limited mumber of analytical checks for 
calibration and accuracy where highly accurate large scale map surveys 
(1:25,000 or 1:50,000) are available. 


ob. The location of ths principal pcints of those photographs taken 
over surveyed territory are determined by placing them into available 
mepe of these territories. 


ec. The crientation of tne optical axis of each ground exposure is 
determined through an automatic measuring arai computation process using 
the star reccr corresponding to that ground axposure. 


d. The horizon plane at the principal point of each ground picture 
is determined in the space cocrdinate system by the lecation of that 
point transferred into the space location system by means of the time of 
exposure. The difference between the perpendicular to the horison plane 
end the direction of the optical axis leads to tilt and swing for the 
corresponcing ground photo. The process can be reiterated to get highest 
precision through a rapid convergent process. 


s. By means of focal length end pictorial scale, an orbital point 
de cetermined at the end of the optical axis vector at each principal 
point which corrasponds to the satellite position when the picture was 
taken. This position is expressed in coordinates of the espace coordinate 
system. All photograpns taken over surveyed territory produce such 
orbital ovservations. Alli orbital observations are ragistered according 
to survey datums whicn thev refer. 


f£. Esch set cf observations referring to the same datum is used to 
compute tre orbit from that individual datum. Since all computed orbits 
are actually the same orbit, tne apparent discrepancies betwean resulting 
computations must be considered as being caused by datum discrepancies. 
The average cf all datum computed orbits representing the same satellite 
wetehted by the number of odserwaticns and the reliability of the 
individual datum will regult in en optimum orvit which statisticelly beat 
fite all obsorvatione pertaining to that orbit. The procedure of pro- 
Guting tne best orbit is a reiterative ccmputaticnal process in which 
the parameters of size and shape of the earth wild be modified in such a 
Ranne> as to produce an absolute minimum of the diecrepeancies between all 
odservations and the retultant sinzle crbit. This orbit extending over 
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useful (recording) life period of the satellite ( days) establishes a 
tape measure with a defined space station assigned to each instant of 


g. Space stations are tnus defined over unsurveyed territory for 
the instant of time at which photographs have been taken over that 
territory. Also determined through the simultaneous star photograph is 
the direction at which the optical axis pointed at the instant of ex- 
posure with respect to the horizon plane at the mathematical reference 
surface obtained from the satellite location and the recorded time of 
exposure, 


h. The tilt of the photographs can thus be dsatermined using the 
known tilt and the distance from orbit to the mathematical reference sur- 
face. By tilt, height, and focal length, each picture can be rectified 
to correspond in scale and perspective to that reference surface. 


i. <A defined position on the reference surface can be assigned to 
the principal point of each picture taken over unsurveyed territory. 
These positions will later serve as networks points establishing the 
survey of the unsurveyed territory. The positional accuracy obtained for 
the assumed position is estimated to be in the order of 750 feet. 


j. The density of coverage due to operation in polar orbits in- 
creases with latitude; consequently, the density of ground points over 
unsurveyed territory will be irregularly distributed. In order to obtain 
a reasonable regular network of principal points, all principal pointe 
determined will be plotted on a suitable projection. A selection is then 
made among those principal points which are best located for forming a 
regular network. 


k. The selected records will also be partially covered by clouds. 
Repetitive cover of cloud areas will be used to eliminate the cloud cover 
in those pictures which are selected for the network. This elimination 
of cloud cover will be achieved through a process of projection matching. 


1. The principal points of the original selected pictures serve 
then as assumed positions for a Monticello type network. Measurements 
between these points are obtained fram the recordings through correlating 
the same area of the ground shown in adjacent recordings. This procedure 
of ground correlation permits the use of rapid electronic matching 
procedures providing great speed and automaticity of measurement. This 
technique establishes a measurement between reference points which are 
automatically marked in advance (fiducial mark centers), hence eliminating 
the time consuming interpretive process of point identification, thus 
providing the basis for automaticity of measurement. 


m. From the individual measurements established between fiducial 
mark centers of the records, a network of measurements is formed which 


relatively places the fiduciai mark centers with respect to each ctner 
on a common datum and scale. The accurate placement of the network on 
the surface of the earth in the desired datum results from the assumed 
positions cf the network points which are obtainea from orbite in con- 
junction witn recorded tilt data. The assumed pesitions anc tre maazure- 
ments are the basis for the determination of the crientation and «he 
scale of the network through least square adjustment procedures. The 
internal leart square adiustment cf the network cf measurements if 
obtained from an electrical network designed upon the aneiogy between 
Gauez' Statistical Precedures of adjustment of Measuremente by tne Least 
Sum af Squares and Zirchof7's Laws cf Electrical Netwerke. 441 
computationai processes for determining the scale, orientation, snd 
internal adjustment cf the network sre commrised in one single 

reiterative, convergert computational program involving digital and analog 
computers, The time required for thie computational process is a few nour. 





n. The end products of the computational process are exact pceiticns 
of the fiduciegi mark centers which serve as reference points and pictorial 
background ef reprezented in the individual original records oriented wit: 
respect to North and proverly scaled and annotated. The reference point 
coordinates anc scale as well as orientation cf the pictorial background 
are to be stored on magnetic tape in e form usable for further automatic 
computation. The pictcrial background annotated with scale and orienta- 
tion is kept in an automatic storing and retrieving system for further 
reference. 


ANALYTICAL VERIFICATION 


Qtnalyticas cnecxm will pe run indspemaentiy of the ground data 
handling prececure in order to Secure proper syetems oneraticn and to 
prowe the consistency of data in those areas where highly accurate surveys 
are availabie. These analytical checks will require the use of large scele 
mape (1:62,500 a7 Larger). A specific objective of the analytical checks 
will be t> prove the congiste:ncy cf tne interior camera crientation during 
orbitel performance. 


BRAC FROGAESTON ANALISIS 


dn error progression analysis of the system under consideratican 
Showed thac an accurecy of 2t© feet wee attainadie. The 750 foot eccuracy 
Btetac to be obtainable through Project ARGCN is, therefore, conservative. 


WEATKER CONSIDERATIONS 
Weatasar conditions to te ancsunterai cver the area of intereet have 


bser. etudied anc are preveriec is Inclo@ure 3. Tne most favorable mont 
for securing ofctograny has been cetemmined to be the month of July. 
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‘peeeible to list the reqciresents for an optimuz camera ayaten * 


_ eLther are presently avaiic' le sr are under contract. They. 
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GENERAL SPECIFICATIONS FOR TERRAIN-STELLAF CAMERA 


A. INTRODUCTION 

Many things must be considered in the selection of a camera to do 
@ specific job. This is particularly true when the camers is to operste 
in an environment such as that impesed by an artificial earth satellite 
and requirements imposed by an unconventional date processing da 
Some of the perametears to be considered are: 

a. Camera cone angle. 

bd. Lens focal lenzth. 

c. Lens gperture and resclution. 

d. camera geometric characteristics. 

é. Camere sise and weight. 

f. Availability. 

g- Compatidility with ground processing system. 

h. Method of holding film flat in focal plane. 

i. mage motior. compensaticn. 

jv~-— Sees, 

k. Cone pressurization. 

1. Type cf Aln. 


Bw. Fte, 









After a caorefcl considers *ici: ef these and other parameters, 


tue photocrepkic coverage ard avxilicry date needed to aceomp] 
wide survey frum satellite p.otasraphy. Components of thin’ 





Tne camera. de sjerined ip inis rerort is really two g 
iccked rigatly together tc insure a fited reletionship be 
cpticai axes. The camera wil contain two lenges; one lens wi 
vertically downward to phetcgraph the earth and the other 
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efficiency shutuer for sotn lenses, 
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Fiducial Markers - Naturatly and artificially illuminated markers 
or terrain cone and two independent sets of artificially 
illuminated marxers for sveller cone.shall be provided. 


Image Motion Compensation - Not required. 





Cone Pressurization - The inner cones will be pressurized to 
aporoximater; 1.5 ibs. ver square inch. This will crovide e 
means of film flattening and will reduce the tendericy for tbe 
film emulsior, tc lose its moisture. 


Perpendicularity of Piducial Axes - The lines joining opposite 
iducial marxers shall intersect at an angie of 9 *10 seconds. 


Relationship of Optical Ames of Terrain and Stellar Cones - The 
axis of the terrain cone and the axis of the s ar cone shall 
intersect at an angle cf 90 *1 minute. 

Relative Swing Between Focal Planes - The relative swing between 
the two focal planes s 4 not exceed 1 minute. 

Inherent Vibration and Dynamic Unbdalance - The inherent vibration 
and dynamic unbalance of the cperating camere shell be reduced 
(i.e., vibration and dynamic disturbance due to overation of 
motora, solonoids, relaye, gear treins, shutters, etc.) to such 
a level that the degradation of image quality at the slowest 


shutter speed is not detectable by laboratory photographic 
tests uSing a standard resolution test target. 





< - The camera enall be designed such es to 
Tinis any dynamic unbalancing effects of the 
camera mechani sm which weuld coerce tne camera mounting means. 





Calioration - Tne camera calibration report will contain the follow- 
i ormation: 


a. Equivalent focel rength. 
do. Calibrated Zocal ien¢th. 


c. Separate radial distortion values across diagonals and 
across flats at approximate 5° intervals. 
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e. Point of Symmetry locatian. 


f. Principal Point of Autocellimation coontinates. 
g- Mistance between fiducial markers. 
Obe~Cetttrutieon vt heseauy-ors 
i. Calibration of CFL markers. 
j. Perpendiocularity of fiducial axss. 
k. The angle between the axis of the terrein comera and the 
axis of the stellar camera shall be measured to an accuracy 


of 3 seconds. The relative swing of the focal planes ehall 
be measured to an accuracy of 3 seconds. 


Estimeted Weight and Size - The camera and 000 feet of thin-based 
£ weign no more than 150 pounds. Its sise will net 
exceed 32° x 27° x 12", 


Fila 
Type - Bastman SO 1189 Emulsion 
Width ~ 5® 
Base - Thin Base (0.0035 in.) 
Length - 4,000! 





Optisam Orbits] Deta is bzsed, to a larse extent, cx tucee 
peremeters whicn will protiice « specifies side ler end en: icp in the 
ereas in which cenirol is tc de established. 


i. Ene Lan. ily exc lep if necessary in areas containing existing 
conirol iRamencct as orpitel deca tor each pass is restrictec to the photc- 
ersphy of tne reisted pass. Trus photography from ene pase cannct be 
employec to determine crvit<i dats on es previous or subsequent pase by 
virtce of side lar. 


The ead lep for any given altitude ani cone egle may ve dofined by 
the exposure interva! inasmuch as sititude, neglecting alr drag, 
estsclishes ibe pericc an¢ the orbitel welocity per second. Les us 
essume that 60% end lap for a cone angle of 2¥= 7 aiang the éirectian 
of moticn iz reqcires. End lap may tnen be caxputed as follows: 


ex 
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n VS « radian velocity per second 
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oOf end lap is LOY advance per exposure or .8@. Therefore the exposure 
interval in sidereei seconds is expressed as .66. 
nw 
Thus, am specific end lap is achieved fer any altitude and cone 
angie combination vy simply defining the exposure interval. The equetions 
for exposure interval are illustrated in Figure l. 
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“rure i. inc lap as a fumctian of cone angle, H, and orbital velocity 
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2. Side Lap. tere) coverage or side le: is samewhot acne 
invcivec since the camera iz in orbit over a roveting oo ject space. Tate 
factors affectine the photogrerhic ieteral coversge cre: 

e. Letere. cone angie ena altiteos 


t. Feriod of the satellite end rovational welocitr of tne eartr. 
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& stucy was made to detemnine the month best suited for cbhtain- 
ing ARGON phetography. Six weather charts were preducec. The 
charts were plotteo usiny %!.¢ maan number of days with a totai sky 
cover of < S/lCths, vetwer 1220-1400 neurs local steniard time, for 
vbe months cf dort] thrcusn Septemper. The charts represent the 
monthly statieticel everazes of many yeare' records. The Climstic 
center, Headquarters, Air Neather Service, prepared tue charts. They 
represent the monthly summarizations cf the total Weather Service 
holdings. Althouzh the charts are general planning guides, they ere 
sufficiently eccurate for the purpose of selecting the tesi average 
month for ARCON photcerephy. These data are considered the best 
evaila.ie for the area in question. 


wat ane 
at Core 


WEATHER CONDITIONS” 


The six weetaer charts used for this study are attached to the 
eriganai rerort omiy. Time dig not vermit the repreducticn of 
eiditicnal copies. it is plannea to prepare and disseminate copies 
of the charts at a later date. 


The charts are color coded to reflect the weather conditions 
between the isolines when the cloud cover is 5/l0ths or less. 


1. Red indicates 20 days (6%) faworable photographic weather. 
2. eer indicates lu days (50%) feverable phoucgraphic weather. 
3. Blue indicates 10 days (33%) of favorable photographic weather. 


It has been determined that cloud cover, up tc 7/10ths or &/L0ths of 
the ery over anv area will peneraily leave sufficient ground detail 
meovered. 


& cetsiled analysis cf the cnams clearly indicates that the 
mcerncth of duly is tha vest mort Jos obtaining the maxieur photographic 
coverage over the Soviet Inicr anc surreundirg areas. A statistical 
a-alvsis of wether for this month indicates tue most favorable randa 
dietridution o° cloud cover. Tne weather recorda for cther parts of 
ce world for the month of Jaiy incicaves & bigher rate of cloud-free 
Gays. 


Tne charts alec indicate tua. 7 we desire to chovopraph ory 
toe nortiem aver of ww. lowie+ union, 4+ wuld be setter te do se 
have in fgrid cr earay in Mer. i” ohatograchic cower ie desirej fer 
toe gouthem area, it world ce aivissoie to seiect the month of August 
or eariy Seotezber. it is envious from the charts that the stable, 
wart air fronts move fra. nortn tc south. Toe storm track alsc follows 
a sirilar path. 





